Rates of photosynthesis, dark respiration, and leaf enlargement were studied in soil-grown corn (Zea mays), soybean (Glycine max), and sunflower (Helianthus annuus) plants at various leaf water potentials. As leaf water potentials decreased, leaf enlargement was inhibited earlier and more severely than photosynthesis or respiration. Except for low rates of enlargement, inhibition of leaf enlargement was similar in all three species, and was large when leaf water potentials dropped to about -4 bars.
The present study is concerned with the ways in which leaf enlargement, photosynthesis, and respiration respond to reduced leaf water potentials in three plant species. It has been suggested that cell enlargement may be more sensitive than photosynthesis to reduced leaf water potential (2) . In sunflower, at least, leaf enlargement is reduced at water potentials as high as -2.5 bars, and ceases at potentials of -4 bars (2) . Photosynthesis in other species is usually unaffected at these levels (5) . However, a recent study (18) of carbon fixation and leaf elongation in Lolium has shown that photosynthesis and leaf enlargement are affected similarly at moderate leaf desiccation and that elongation is inhibited more strongly than photosynthesis only at low leaf water contents. The work with Lolium suggested that conclusions regarding leaf enlargement in sunflower (2) After steady rates of gas exchange were obtained, the assimilation chamber was opened and a leaf disc was rapidly removed from a lower leaf and placed in a thermocouple psychrometer chamber for isopiestic measurement of leaf water potential (1, 4) .
The rate of leaf enlargement was determined by measuring the differences in leaf area (soybean and sunflower) or leaf length (corn) before and after a growth period of 24 hr. The soil in which the plants were growing was permitted to dry to varying degrees before the growth period. The plants were then placed in a dark, humid chamber to grow for 24 hr. Tests indicated that weight loss from the plant-soil system was negligible during the growth period and that leaf water potentials did not change. At the end of the growth period, a disc was removed from the experimental leaf and was placed in a thermocouple psychrometer for isopiestic measurement of leaf water potential (1, 4). Figure 1 shows the response of leaf enlargement and net photosynthesis in corn, soybean, and sunflower as leaf water potential decreased after water had been withheld from the soil. Over the entire range of potentials, leaf enlargement was considerably more inhibited than photosynthesis by low leaf water potentials. When rapid enlargement was occurring, a small lowering of the leaf water potential caused considerable inhibition of enlargement. At -4 bars, leaf enlargement was 0% in sunflower, 25 7% of the observed maximum in soybean, and 20%7C
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of maximum in corn. In corn it is likely that part of this enlargement was associated with meristematic activity at the base of the leaf. Leaf enlargement during a period of moderate leaf desiccation. Control was well watered throughout the experiment. Water was withheld from the treated plant at the time indicated, and sufficient water was added to the soil in small amounts to keep leaf water potentials between -4 and -9 bars. At the end of the treatment period, the soil was well watered, and subsequent leaf enlargement was followed.
The response of leaf enlargement to reduced water potentials suggests that a minimal turgor must be present before rapid enlargement will occur. Osmotic potentials were -16 to -17, -13, and -10 bars in well watered corn, soybean, and sunflower, respectively. Thus, the lowest turgor associated with growth was about 7 to 8 1, and 6 bars in corn, soybean, and sun- accumulation, growth might be more vigorous after a period of water deficiency than before (9, 12, 13 ).
This idea was tested by following the enlargement of a sunflower leaf growing on a plant that was subjected to a period of low leaf water potentials in the light. Small quantities of water were added to the soil during the 4-day stress period, but leaf water potentials remained between -4 and -9 bars. At these potentials, leaf enlargement should have been negligible. Figure  2 shows that enlargement did not occur initially but began toward the end of the 4-day stress period. After rewatering, there was an increase in enlargement rate, although not enough to represent complete recovery to the control rate. Thus, in spite of high availability of photosynthate, some other factor limited growth after rewatering.
Dark respiration rates were similar in the three species (Fig. 3 ) and were roughly proportional to water potential down to -16 bars. Below -16 bars, soybean showed no change in respiration rate. As opposed to the strong inhibition of photosynthesis at low water potentials, respiration was not inhibited by more than 50%.
DISCUSSION
The inhibition of leaf enlargement by declining leaf water potential was more severe than that of photosynthesis and respiration in every case. The major changes occurred within a 2-to 3-bar interval, with maximal rates of enlargement at about -1.5 to -2.5 bars and with strongly inhibited rates at -4 to -5 bars. The difference in response of the two processes was probably associated with the different roles of water in each one. Reductions in rates of photosynthesis are often brought about by stomatal closure (5, 16, 17) , whereas changes in rates of cell enlargement are the result of changes in the water status of the growing cells themselves. Turgor determines the response of stomata (19) and appears to be involved in cell enlargement (2, 7, 8, 10, 11, 14 ; see 6 for dissenting view). If photosynthetic inhibition was a stomatal phenomenon in the present study, the data suggest that there may be considerable differences in the response of stomata and cell enlargement to reduced turgor.
Although rapid leaf enlargement was uniformly sensitive to low leaf water potentials in the three species, there were differences between species when growth rates were low. At leaf water potentials below -4 bars, enlargement was completely suppressed in sunflower, but continued at low rates in soybean and corn. The large inhibition in sunflower at such potentials may result in little leaf growth during the day, even in well watered soil (2) . For corn and soybean under these conditions, leaf enlargement would probably occur at moderate rates during the day.
The photosynthetic response to reduced leaf water potential also may have been different in the three species. Photosynthesis in corn was reduced whenever leaf water potentials decreased, whereas photosynthesis in soybean was unaffected by leaf water potentials as low as -11 bars. In corn, however, the percentage of inhibition of photosynthesis was still much less than that of leaf enlargement. The behavior of respiration during desiccation was not significantly different for the three species (5, 15) .
The growth data are in agreement with the idea that a minimal turgor is required for rapid cell enlargement (11) . Small increases in turgor result in large increases in rates of enlargement. Similar results have been found in intact Nitella (10) , in isolated cell walls of Nitella (14) , and in oat coleoptiles (7) . The resumption of leaf growth during moderate desiccation, which was found in the present work for sunflower, has also been observed in Nitella (10) , but after a much shorter time. In sunflower, recovery of normal rates of leaf enlargement did not occur upon rewatering. Complete recovery, and even rates exceeding control rates, has been noted in other species (9, 12, 13) .
Regardless of how much water was supplied to the plant, it was not possible to obtain leaf tissue having a water potential of zero (2) . During the growth experiments, transpiration was negligible, and as a result, the potential of the leaf cells could not be attributed to gradients occurring during transpiration. The highest leaf water potentials obtained in the three species were associated with rapid rates of leaf growth. Apparently, water entry during growth caused a yielding of the cell wall so that turgor did not increase to a value high enough to produce a leaf water potential of zero. Consequently, there was a potential gradient of about 1.5 to 2.5 bars between the growing celLs and their water supply (2) . Such a gradient implies that leaf cells have a resistance to water entry during growth.
